A. Burov Stability analysis is presented for an antiproton beam interacting with an electron beam of an "electron lens" proposed as a beam-beam tune shift compensator. Coherent antiproton-electron interaction causes coupling of the antiproton synchrobetatron modes which may lead to a transverse mode coupling instability (TMCI). Analytical studies and numerical simulations of this effect are presented.
INTRODUCTION
An "electron lens" was proposed to compensate beambeam tune shift in the Tevatron collider [2]. A tune shift of antiprotons on electron beam with total current J,, radius a,, length Le, is equal to here rp = e2/(M,-c2) % 1.53. lo-% is the (anti)proton classical radius, ye is relativistic antiproton factor, w . = cfl, is electron beam velocity, p,,, is the beta function at the set-up location.
The electron beam create a transverse impedance that can result in collective instabilities of the antiproton bunch. The electron beam is generated by an electron gun cathode, transported through the interaction region, and absorbed in the collector. Therefore, each portion of electrons passes through the@ beam only once, and only short distance transverse wake fields are of interest. When the bunch head collides off the electron beam center, it causes electron motion and, as a result, the electron beam acquires a displacement at the moment when it interacts with the tail of thep bunch. This interaction can lead to the strong head-tail instability. To suppress it, a longitudinal magnetic field in the interaction region is assumed to be applied. The magnetic field couples the electron transverse degrees of freedom, transforming a kick in one direction into an offset in another. In the result, the magnetized electron medium creates both conventional and skew wakes.
TWO-MODE MODEL
To find the dipole wake function, let us consider a thin antiproton slice with a charge q and transverse offset Ax traveling through the electron beam. After interaction with the slice, electrons acquire a transverse velocity 
Depending on the parameters, one or the other of the two wake functions ( 5 ) can give a dominant influence on the antiproton beam stability. The direct wake effects are suppressed if there are many Larmor oscillations periods over the @ bunch length us, while the skew force impact decreases with increasing the s -y detuning.
For the parameters under study, the skew wake is found to be more dangerous. To damp the instability, the longitu- In addition to these simplified analytical calculations, A multi-mode numerical algorithm of Ref. [3] was applied for the stability study. Typical eigenvalues behavior is p r e sented in Fig. 1 .
Fig2 shows the tune shift threshold Fe for the first coupling modes versus the tune split in units of the synchrotron tune Au = (U= -u y ) while the vertical tune is equal to S55. The thresholdgrowslinearly until Au % (2 -2 . 5 )~~ and then is approximately proportional to & -in a good agreement with the two mode model formula (6).
Transverse widening of the electron beam was found to suppress the instability, decreasing the threshold field as Bth a a;'.
TRACKING SIMULATIONS
Three dimensional numerical simulations of the effects have been done withECWAKE code written in FORTRAN. In order to evaluate importance of the oscillation part of the wakes Eq.5, we performed similar scan withoutconstant part of the skew wake, i.e. with Wd(s) = Wsin(ks) and Ws(s) = -Wcos(ks) and found thatahout 5 timessmaller solenoid field is required for stability. It confirms decisive role of the the constant part of skew wake that is a basic assumption of the two-mode model in Section 11. These results are in a reasonable agreement with the twomode analysis and the coupled-mode calculations. The difference ( z 40%) in numerical factors between Eq.(7) and Eq.(6) lies within the accuracy limits of the wake calculations and two-mode model.
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CONCLUSIONS.
We have considered strong head-tail instability of the Tevatron antiproton hunch due to the hem-beam compensation set-up. The head-tail interaction takes place because of the fact that the electron beam is not rigid enough and can be displaced transversely by the bunch head particles. The resulting direct and skew wake forces act on the tail particles and, thus, can lead to the instahility. We pursue three approaches to study the instahility: a two-mode model with analytical calculations, more sophisticated multi-mode analysis which requires nnmerical solution of eigenmode equations, and straightforward macroparticle tracking. The results coincide qualitatively and rather well quantitatively agree with each other. For the parameters of the planned Tevatron hem-beam compensation experiment thep hunch intensity eN, = 6.10" and its rms size up = 0.7 mm, the tune shift due to electron beam t. = -0.01, the distance to the coupling resonance Av = Iv, -uyl = 0.01, and the synchrotron tune v. = 0.001, the instability takes place if the longitudinal magnetic field in the set-up is below threshold of about Bthr = 17.5kG. Essential features of the instability are: the constant skew wake plays a major role in the mode coupling; the threshold solenoid field Bthr is proportional to the transverse charge density of the electron beam, to the transverse charge density of the antiproton beam, and inversely proportional to the product 4-in vicinity of the coupling resonance U, -uv = integer:
Having the electron beam wider than the antiproton beam results in lower threshold magnetic field &hr o ( (uP/ae)'.
We plan to continue investigations of the instability in order to clear some inadequacies of the present studies. In particular, the following effects have to he taken into consideration:
